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ABSTRACT 
Volum~tric properties of the polar-nonpolar gaseous 
system, chlorotrifluormethane - tetraflubromethane, were 
determined by the Burnett Method. Compressibility isotherms 
were determined at two temperatures, 90°C and 40°C, at pres-
sures up to 900 psia. Second virial coefficients were also 
determined; these were in good agreement with the second 
virial coefficients predicted by the Pitzer and Curl equa-
tion (115). 
A literature search was also done for the compounds 
* known commercially as "Freons" . The papers, reporting the 
thermody~amic and other related pr~perties of these pure 
compound-sand mixtures with other substances, are listed. 
Trademark, E. I. DuPont de Nemours and Company. 
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THE BURNETT EQUATION 
In the Burnett method, a quantity of test gas ·is charged 
into a primary chamber having volume v1. Consider the test 
gas occupying the primary volume at temperature T1, and pres-
sure P1 and dead space at temperature T1 and P1• Then from 
the Gas law 
Rn 1 
(1) 
T' = l Room temperature 
z I : 
1 Compressibility of test gas at P1 and T1 
v = Deadspace volume 
An expansion valve is then opened, and the gas is allowed 
to expand into a- previously evacuated secondary chamber 
having a volume v2. After ther~al equilibrium has been 
reached, the pressure and temperature P2 and T2 are measured. 
The expansion valve is then closed, and the secondary chamber 
is vented and evacuated. Further expansions can then be made. 
This process is repeated until the system pressure is suffi-
ciently low to t~rminate the run. 
After the first expansion, the gas occupies both the 
primary and the secon.dary volume 
(2) 
·i 
'~ 
,, 
i 
.. - '-- ·- .. - , .... ·---~·-..... ~ ---... ~-· 
.. ,,,___. ~-- ·--~,., - -·---- ... ···-·····- ~ -~· ---·~-- ___ ., _____ _, ··--
Since n1 • n2 
Rearranging equation (3) 
. V T 2 22 
21 (V1+V2) Tl (l + (V +V ) rr zr) 2 = rr p ,;:- ___ l;..__2;;;;.,,,-.........;;2;_..;;2;_ 
2 ~.1 Vl 2 •~2 Tl21 ( l V ) 
+ ~ TT2T 
Similarly considering the second expansion 
Substituting equation (4) for 22/P2 in equation (5) 
The effect of bath t~mperature on "n" was calculated 
and found to be significant (113). 
n • n 
O 
(1 - 6 ·x l O • 5 (T - 2 9 8 )) 
-3· 
(3) 
(4) 
( 5) 
( 6) 
----- ~-- - ~ 
W•~ ... 
The value of n0 was found to be 0.02403 (113). In general 
(7) 
where N is now the characteristic volume ratio of the exper-
imental apparatus. In general it may be affected by pres-
sure and temperature but it was found to be essentially a 
constant (1·13). The .set of equations such as equation (7) 
provides the experimental compressibility isotherm once p 
and N are known. 
There are different ways of determining N and p. First, 
both N and p can be obtained using two extrapolations based 
on the fact that the co~pressibility factor approach~s unity 
as the pressure approaches zero. 
p = Lim (T 1tT1)(1/P 1N
1
-
1) 
P-+o 
(8) 
(9) 
The volume ratio was found to be 1.8944 (113) and virtual-
ly unaffected by temperature. Thj extrapolation technique, 
equation (9), for determining p was not used in this work. 
An alternative technique, which is based on the virial equa-
tion of state, allows~ more accurate determination of p. 
-4-
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Z(T) = 1 + ~ + ~ + .•. (10) 
The fact, th1t the function (Z-i)V versus 1/V, at con-
stant temperature, becomes linear as 1/V approaches zero, 
was used to determine p for each Burnett run. For a given 
estimate .of p, a set of z1 were calculated, then the quantity 
(Z 1 - l)V 1 was plotted versus l/V 1. The p which gave the· 
best linearity was found by using a linear regression routine. 
At low pressures, where Z approaches unity, the quantity 
(Z - l)V is very sensitive to small errors in the data. For 
this reason, the low pressure end of each isotherm was ex-
cluded from the linearity test. This omission of low pres-
sure points permitted fitting the data more accurately and 
also reduced the standard error of estimate. 
-6.-
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EXPERIMENTAL PROCEDURE 
A Burnett run consisted of a start up procedure followed 
by the repeated process of (1) pressure and temperature 
measur1ment, (2) evacuation, and (3) expansion until the sys-
tem pressure was sufficiently. low to terminate the run. 
Runs were made iri pairs - two runs at each-condition of tem-
perat~re and composition. The second run of a pair was 
started at a pressure approximately halfway between the first 
two pressures of the first run so that the experimental pres-
sures in the second run would help in describing the isotherm 
well. Lange (113) used this procedure for obtaining the iso-
therms. 
Start up Procedure 
Bath fluid was charged into the. Dewar and the stirrer was 
switched on; maximum heat was supplied to the bath for initial 
heat up. As the b~th temperature reach~d the desired value, 
the controller was switched on and the setpoint adjusted to 
establish control. Once control was established the constant 
. . 
temperature section was allowed to remain at steady condi-
tions for about one hour before the first ·measurements were 
made. 
During the initial heat up, the deadweight tester weights 
were cleaned, and the Burnett chambers were charged with test 
gas. The apparatus is described in detail elsewhere (113)~ 
.. -6-
When a new test gas was introduced, the system was 
purged several times. When tharging was complet~, the sys-
tem was isolated from the charging system and checked for 
any leakage across the valves. This was done by a bubble 
test performed by drawing a film ·of soap water ("snoop") over 
the vent orifice. This test was performed only when the 
vacuum system had been subject~d to no exhaust or evacuation 
for.at least five minutes; otherwise, gradual cooling or 
warming_ of the gas in the lines could destroy the film. 
Pressure~and Temperature Measurement 
The pressure in the system was mea~ured by comparing it 
to that of a deidweight gage and adjusting the latter until 
the two are equal. The deadweight gage generates a hydraulic 
pressure in an oil medium via a calibrated set of weights. 
To compare the oil pres sure to the t es t gas ·pres· s u re , two 
diaphragm dtfferential-pressure (DP) cells were arranged in 
parallel. One cell was used for a rough adjustment of the 
deadweight gage to within 0.5 psi of the gas pressure. The 
other cell responded to pressure imbalances as sma11· as 
0.001 psi. 
The system pressure was determined to within 0.5 psi via 
the low sensitivity diaphragm. The final measurements were 
made on the high sensitivity diaphragm after sufficient time, 
about 45 minut~s, had elapsed for thermal equilibration. 
The pressure imbalance output was sent to a strip-chart re-
-7-
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corder. The recorder trace was the chief criterion for 
determining thermal equilibration. The final pressure 
measurement was done when the diaphragm output was near its 
null pbsition. The following other measurements were also 
recorded: atmos~herfc pressure and the temperature of the 
barometer; the temperature of .the high sensitivity diaphragm, 
bath temperature, the temperature of each Burnett chamber 
relative to that of bath; the weights on the deadweight gage, 
the height of the weight table relative to the midpoint of 
the diaphragm, and the pressure imbalance reading from the 
high-sensitivity diaphragm. The temperatures were all re-
corded as emf values. 
Evacuation and Expansion 
After a set of measurement~ was completed1 t~e test gas 
in the secondary chamber was discharged, and the secondary 
chamber was evacuated to 20 microns or less. When the vacuum 
had been measured, the vacuum valve was closed and an expan-
sion was done by opening the expansion valve. At this time 
a bubble test was performed to insure that there was no leak 
across the vacuum valve. The next pressure measurement was 
done as soon as the thermal upset due to expansion had sub-
sided. 
-8-
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CALCULATIONS 
For each experimental run the recorded pressures and 
temperatures were reduced to ~ompressibilities using equation 
(7). A computer program was used to do the following: 
l • 
2. 
Convert the observed thermopile and thermocouple 
emf's to temperatures using equatidn (18-20). 
Calculate the actual experimental pressures from 
the observed valves of the weights pn the deadweight 
gage, piston heights and DP-cell readouts. 
3. Calculate the compressibility z1 at each experimental 
point for a given estimate of p, ZJ using equation 
( 7) . 
4. Calculate (2 1 - l)V 1 and 1/V 1 for· each experimental 
point. 
5. Ca 1 cul ate a 11 the. Z 1 , ( Z 1 - l ) VI and l /V I for di f -
fer~nt values of p. The computer program was written 
in such a· way that the p value could be changed by 
+ 0.0005 p. This feature made it possible to find 
the best value of p for which the best linearity was 
obtained, through use of a linear regression tech-
,:1ique. 
.g. 
·- ." -,.,, ........ 
6. The calculated compressibility values were used to 
determine the second and third virial coefficients 
by graphical extrap~latio~ of (Z - l)V versus 1/V. 
Consider the virial equation of state 
Z • 1 + B/V + C/V 2 + .•. 
Extrapolating (Z - l)V to its limit as 1/V approaches 
zero yields the second virial coefficient, B, as the 
intercept. Slope of the line is the value of third 
virial coefficient . 
. .., 
-10-. 
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EXPERIMENTAL RESULTS 
The volumetric behavior of CF 3Ct and a mixture of CF3CI 
and CF 4 were studied at two temperatures, 90°C and 40°C. 
-
For CF 3Ct no measurements were made at pressur~s above its 
vapor pressure at room temperature-since part of the test 
gas is outside the thermost~tted area, at room temperature. 
For the mixture the measurements were made u~ to 880 psig. 
For each combination of temperature and composition, two 
runs were made in order to adequately define the isotherm. 
The compressibility values are given in Table 1. These 
are thought to be accurate to between three and fifteen parts 
in 10,000. Table 2 gives a comparison between the compres-
sibility values reported here and the calculated ·values. 
-11-
Table l 
Experimental Compressibilities and Virial Coefficients 
B = Second virial coefficient, cc/gm - mole 
C = Third virial coefficient, (cc/gm mole) 2 
mf = Mole fraction 
Temperature= 90°C 
mf - CF 3C1 = 0.7793 
B = - 116.62 
C =7773.l 
PSIA z 
893.353 0.7368 
751.437 0. 7 8.03 
562. 173 0.8397 
461.558 0.8716 
328.864 0.9095 
264.099 0.9267 
184.245 0.9496 
146.699 0.9602 
mf - CF 3C.i = l. 000 
B = - 142.48 
C = 11256.20 
PSIA 
409.311 
360.276 
236.247 
205.386 
131.801 
-12-
z 
0.8581 
0.8775 
0.9194 
0.9304 
0.9565 
.r/ 
;{ 
i 
t 
' {
i 
Table 1 
Experimental Compressibilities and Virial Coefficients 
Temperature• 40°C 
mf - CF 3Ct = 0.7793 
B = - 167.82 
C = 11983.9 
PSIA 
890.321 
755.410 
660.808 
533.318 
442.239 
333.740 
266.612 
194.025 
151.874 
z 
0.4493 
0.5480 
0.6221 
0.7158 
0.7734 
0.8362 
0.8719 
0.9093 . 
0.9292 
mf - CF 3Ct = 1.000 
B = - 199.96 
C • 15902. 5 
-13· 
PSIA 
418.756 
377.103 
258.676 
228.355 
149.619 
130.407 
z 
0.7348 
0.7670 
0.8476 
0.8685 
0.9172 
0.9279. 
.,.,.. ·- ,. - .. ~- ;·· " ' ' 
-·-· ,.,.._... .... -~,-- ____ .,,.. ...... _. -----" ... _ .......... .-
Table 2 
Comparison of t~e Experimental Compressibtlities 
of CF 3C! to the Calculated Results 
Temperature Pressure Experimental Calculated Compressibilitl Compressibilitl 
90°C 409.311 0.8581 0.8582 
·360.276 0.8775 0.8761 
236.247 0.9194 0.9203 
205.386 0.9304 0.9311 
131.801 0.9565 0.9563 
40°c 418.756 0.7347 0.7344 
377.103 0.7670 0.7665 
258.676 0.8476 0.8490 
228.355 0.8685 0.8685 
149.619 0.9172 0.9165 
130.407 .0.9279 0.9278 
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COMPARISON' OF MARTIN-HOU CONSTANTS TO THE EXPERIMENTAL 
VIRIAL COEFFICIENTS 
The form. of the Martin-Hou equation (26) which has been 
used to represent the volumetric behavior of CF 3Ct is as 
follows: 
+ (V-b )3 
( 11 ) 
By taking limits of V(~~ - l) as 1/V approaches zero, 
terms analogous to the coefficients in the virial equation, 
equation (10), can be obtained 
( 12) 
( l 3) 
Table 3 shows the comparison of BMH to the experimental second 
virial coefficients for CF 3Ct. At both temperatures, the BMH 
agree with the experimental second virial coefficients to 
within six percent. 
.-15-
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Table 3 
Comparison of the Martin-Hou Constants 
to the Experimental Second Virial Coefficients 
for CF 3Ct, cc/gm-mole 
Temperature B{exp) 
(oc) 
90°C -142·.485 -133.886 
40°c ~199.961 -199.687 
·16· 
•.1 
.I 
' 
1 
CORRESPONDING-STAiES PREDICTION 
OF THE SECOND VIRIAL COEFFICIENTS 
For pure nonpolar gases, an excellent correlation for 
second virial coefficient has been given by Pitzer and 
Curl (115) 
RT 
B(T) = ~ [0.1445 
C . 
0.330 T -
r 
0.1385 f2 
r 
+ w(0. 073 + 0.46 0.50 
-i- - -:rr -
r r 
0.097 
T3 
r 
0.0121 f3 
r 
(14) 
Using the values of the critical properties given in 
Table 4 and acentric factor of 0.1705 for CF 3C1, the second· 
virial coefficients were calculated using equation (14). 
At both temperatures~ the second virial coeffici~nts calcu-
lated from the Pitzer-Curl equation agree with the experimen-
tal values to within four percent {Table 5). 
For a system containing N components, the composition 
dependence of Bis given exactly by 
For a binjry mixture, 
8mix • Yf 811 t· 2Y1Y2812 + Yi822 
-11-· 
( 15) 
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To estimate ~he cross coefficient, e12 , Prausnitz and 
' ' 
co-workers (116) have pr-oposed combining rules for the vari· 
ous parameters which are used in the correlating equations, 
such as equation (14). They recommend that an arithmatic 
mean be used for critical compressibility and acentric fac-
tor. The following modified geometric mean is recommended 
for critical temperature 
(1.6) 
and Pc 12 replaces Pc in equation (14). 
Pc Ve Pc Ve 1 
3 
= 1 1 2 2]/(vcfJ v!/23) 4Tc12 [ Tc 1 + Tc 2 1 + 
( 17) 
Using these combining rules to calculate the "mixed" 
critical properties and acentric factor, values of the 
interaction second viri·al coefficient were calculated from 
equation (14). The best value of k12 was found by trial and 
error tG be 0.022; the calculated values of e12 correspondi.ng 
to this k12 are shown in Table 6. 
-18-
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Table 4 
* Critical Properties of c~3ct 
T~ ( 0 .R) 
Pc (psia) 
Ve (cuft/lb) 
543.60 
561 . 30 
0.0277239 
From a compilation of the properties of the "Freon" halo 
carbons by DuPont de Nemours, Inc., Wilmington, Delaware. 
-19-
Table 5 
Comparison of Second Virial Coefficients 
Predicted by the Pitzer-Curl Equation 
to the Experimental Values for CF 3c,, cc/gm-mole 
Temperature B{exp) B (Cale~) 
90°C -142.485 -145.157 
40°c -199.961 -207.839 
-20-
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Table 6 
Comparison of the Interaction Second Virial Coefficients 
Calculated from the Pitzer-Curl Equation 
to the Experimental Values, cc/gm-mole 
Temperature B12 (exp} 
90°C - 81.466 
40°c -125.045 
•2,1-
s12 (calc.) 
(k12 = 0.022) 
- 81.433 
-123.207 
s12 (calc.) 
(k12 = O) 
- 87.057 
-130.451 
' ,, 
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APPENDICES 
A. CALIBRATION OF THE 'TEMPERATURE-MEASUREMENT SYSTEM 
The bath thermopile was calibrated in situ against an 
NBS - calibrated platinum.resistance standard. The results 
were fitted by the following equation (113) (where "emf" is 
the output of the thermopile~ in microvolts) 
T = 273.183 + 8.59227 x 10- 3(emf) -· 9.23997 x l0- 8(emf) 2 
+ 1.99914 x 10- 12 (emf) 3 ( 18) 
The room temp~rature thermopile was calibrated in a 
stirred water bath. The results were fitted by the following 
equation (113) 
T = 295.16 + (emf-2600)/121 (19) 
The thermopile junctions located in the Burnett chambers 
measur~d the chamber temperatures relative to the bath tem-
perature. The following equation for finding .the chamber 
temperature was used which was obtained using the standard 
thermocouple emf tables (113) 
Tchamber = Tb~th 
(emf)chamber (20) 
-22-
B. THE DEADWEIGHT PRESSURE GAGE 
The pressure in the system was measured by a deadweight 
pressure gage manufactured by Ruska Instrument Corporation. 
This instrument is a pressure standard in which a kriown pres-
sure can be created in an oil filled piston-cylinder assembly 
by placing calibrated weights ·on a rotating weight table 
which is supported by the piston. 
- The piston area in the instrument is 0.13022 in~ at 20°C · 
and atmospheric pressure. The fractional change with pres-
sure is -4.7 x 10-8/psi and with temperature is 2.4 x l0-
5/°C. 
To obtain the absolute pressure corresponding to the 
nominal pressure value of the weights on the gage, the nomi-
nal pressure was converted to the absolute pressure at stari-
dard gravity and standard piston area in accordance with the 
Ruska Calibration, and then to the actual pressure at local 
gravity {980.155 cm/sec 2 ) {114). This pressure was corrected 
to the actual piston area at room temperature and gage-pres-
sure to obtain the true gage pressure at the oil piston in-
terface. The gage pressure at the high sensitivity diaphragm 
was then obtained by adding the net hydrauli"c head due to the 
level difference between the piston-oil interface and the mid-
po.int of the diaphragm. 
. -23-
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C. GAS MIXTURE ANALYSIS 
The CF 4, used for making the mixture, contained 0.2827% 
air as an impurity. The purity data for CF 3Ci, used from 
cylinder No. UCON FX 280, was not available. The gas mix-
ture was analyzed by a Beckman chromatograph. The peak areas 
were measured by an electronic integrator~ The mixture was 
compared to a low pressure (approximately 28 psia) standard 
mixture very near the nominal composition of the unknown mix-
ture. The compositi~n of the low pressure standard was cor-
rected for slight nonideality using second vi rial coefficients. 
The analysis was repeated twice with the following result for 
the composition of the mixture. 
Composition of Mixture (mole-fraction) 
Air 
0.77926" 0.21904 0.00170 
-24-
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LIST OF SYMBOLS 
second virial coefficient (except in the 
Martin-Hou equation), cc/gm-mole 
third virial coefficient (except in the 
Martin-Hou equation), (cc/gm-mole) 2 
dead space factor 
characteristic volume ratio of the 
Burnett apparatus 
absolute pressure, psia 
universal gas constant 
absolute temperature 
molar volume 
volume of the primary Burnett chamber 
volume of t~e secondary Burnett chamber 
compressibility factor 
dead space ratio 
n at room-temperature 
(Z1tP 1) the initial-density ~arameter 
for a Burnett run 
critical property 
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LITERATURE SEARCH 
·····-· I . 
.~. 
/, 
INTRODUCTION 
This section contains the literature search done for the 
* 
compounds known commercially as "Freons" . The systematic 
search was l'imited to published data on fluorocarbons con-
taining one or two carbon atoms, but some of the compounds 
containing more carbon atoms, for which information was 
availabl~, are also included. The reference numbers for the 
papers reporting the thermodynamic and related properties of 
these pure compounds and mixtures with other substances are 
listed in the tables. The format of the tables shows the 
thermodyn·amic properties of pure components followed by the·ir 
mixtures, if any, with other components. Some miscellaneous 
tables are also included which list the properties of some 
pure components and mixtur~s not irtcluded elsewhere. 
The search was made using mainly ASHRAE Journal, themi-
cal abstracts~ some papers known to contain desired data, 
and cross references from the searched papers. These tables 
include the papers listed in ASHRAE Journal and chemical ab-
stracts up to and including June 1970. 
* Trademark, E. I. DuPont de Nemours and Company. 
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l 
I 
I 
I 
Pure Component R-14 (CF4 or Tetrafluoromethane) 
Temperature Pressure 
90° K to 150° K 
o to 350°C 0 - 400 atm 
100°K to 6000°K 
100° K to 1500° K 
o to 350°c 15 - 394 atm 
o to 400°C up to 50 atm 
30°C to 200°C 
100°K to 1000°K 
273.16°K to 673.16°K 
100°K to 5000°K 
-230°F to 700°F up to 1000 ps1a 
-27-
Comment or 
Method 
Saturated liquid 
density 
Thermodynamic 
properties 
Thermodynamic 
properties 
Ref. 
-
13 
23 
25 
Heat of forma- 28, 
tion 43 
Thermodynamic 
functions 
48 
PVT data, and 49 
compressibili.ties 
and virial coef-
ficients 
Compressibilities 50 
and vi rial coef-
ficients 
Constant volume 62 
heat capacity 
Thermodynamic 74 
functions 
Calculated second 87 
and third vi rial 
coefficients 
Heat capacities 91 
and transport 
properties 
Saturation and 
superheat prop-
erties (Tables) 
93 
i 
. i 
I 
:\ 
Mixture with other Components 
Component(s) Temperature Pressure Comment or Method 
Ref. 
R-23 -70°C to 95°C 100 to 1200 Compressibil- 55 
~.- -
ps1a ities and 
second vi rial 
coefficients 
R-23 -l98.4°F to 50°F Vapor-liquid 65 equilibrium 
data 
Methane 273°K to 533°K Third vi rial 66 coefficients 
Helium 30°C to 500°C Compressibil- 69 ities and vir 
second virial 
coefficients 
R-13 145.2°K Total vapor 73 
Ethane 150.6°K pressure and 
R-23 145.2°K free energies 
R-23 Low temperatures Miscibility 
85 
curve is 
obtained 
Methane Various Total vapor 
85 
pressure and 
miscibility 
curve 
R-23 -200°C to 37.2°C Physical 
92 
properties 
-28· 
Pu re Component R-23 (CHF 3 or Tr1fluoromethane) 
Temperature Pressure Comment or Ref. Method - • 
400°R to 710°R 50 - 2000 ps1a PVT measurements 26 
100° K to 1·500° K Thermodynamic 48 functions 
40°c to 130°C Second virial 54 coefficients by 
gas balance method 
-83.32°C to -16.22°C Liquid viscosities 58 by capillary type 
viscometer 
273.2°K to 353°K. Second virial 87 
c o e ff i c i e nt s 
15° K to 500° K Thermodynamic 88 properties 
100°K to 5000°K Heat capacity 91 and transport 
properties 
-200°F to 380°F up to 980 psia Saturation and 94 superheat prop-
erties (Tables) 
-29-
Mixture with other Components 
Component{s) Temperature Pressure Comment or Ref. Method -
.f. R-14 -70°C to 95°C l 00 to· 1200 Compressibil-
55 
i'i psia ities and second virial 
coefficients 
R-13 298°K to 492°K 14.7 to 74.8 PVT properties 57 
atm of 50 - 50 
mole% mixture 
R-14 -198.4° to 50°F ·Va'por-liquid 65 equilibrium 
data 
R-1.3 178.2°K Total vapor pressure and 73 
excess free 
R-14 145.,2°K energies 
R-14 Low temperature Miscibility 
85 
curve is re-
ported 
C2F6 176°K 
Total vapor 
pressure and 86 
excess free 
CH 2F2 176° K 
energies 
R-14 -200°C to 37.2°C Physical 
92 
properties 
-30-
' •. ~'··~."'· 
•\ .,., ... ·• ',"· 
Pure Component R-21 (CHCi2F or Dichlorofluoromethane) 
Temperature Pressure. 
-29.65°C to 174.60°C 0.1681 atm 
to 
-28.95°C to 168.0°C 
86°F to 194°F (vapor) 
32°F to 167°F (liquid) 
-40°F to 240°F 
40°C to 130°c 
-65.37°C to 73.56°C 
238.71°K to 449.82°K 
·-40°F to 400°F 
47.84 atm 
up to 110 
psia 
™* D y 
0.01079 
to 
0.8551 
moles/ 
1 i ter 
Comment or Ref. 
-ffo .· iioa -
Vapor pres- 1 
sure by 
Stat i C 
method 
PVT data 2 
for dif-
ferent 
vapor den-
sities 
Liquid den-
sities and 
3 
critical 
constants 
Thermal con-
ductances 35 
and heat 
transmission 
coefficients 
Vapor and 36 
liquid vis-
cosities 
Second virial 54 
coefficients 
by gas balance 
method 
Liquid vis- 58 
cosities by 
capillary 
type viscom-
eter 
Calculated 87 
second virial 
coefficients 
Saturation 
and super-
heat prop-
erties 
(Tables) 
95 
Mixtures with othe~ Components 
Component(s) Temperature Pressure 
Tetraethylene 27.2°C to 
Glycodimethyl ether 89;7°C 
Organic solvents Various 
-32· 
Comment or Ref. 
Method 
Solubility 77 
data 
Solubility 78, 
data 82 
Pure Component R-22 {CHC1F 2 or D1fluorochloromethane) 
Temperature Pressure Vap1r Comment or Ref. -D Y.. Method 
,. 
! 
:• 
-61 .26°C to 92.60°C 0.3456 atm Vapor pres- 1 
to sure by 
45.75 atm static method 
0.01055 PVT data for 2 
to different 
0.9192 vapor den-
moles/ sities 
liter 
-69.0°C to 87.3l°C Liquid den- 3 sities and 
critical 
constants 
86°F to 194°F {vapor) Thermal conductances 
1 atm and heat 35 
transmission 
32°F to 167°F {liquid) coefficients 
-40°F to 240°F Vapor and 36 liquid vis-
cosities 
reported 
16°K to Boiling Point Heat capac- 45 ity, heat 
of fusion, 
heat of 
transition 
and vapori-
zation 
100°K to 1500°K Thermodynam-
48 
ic functions 
40° C to 130°·C Second 
virial 54 
coefficients 
by gas bal-
ance method 
-72.49°C to 25. 97°c Liquid v
is- 58 
cosities by 
capillary 
type vi scorn-
,',I 
· ,. 
-33- eter 
' 
-- .~ ··-··-
Pure Component R-22 (CHCJ1.F 2 or D1f1uoroch1oromethane) 
(continued) 
Temperature 
100° K to 5000° K 
-60°F to 200°F 
-155°F to 480°F 
Pressure 
8.8 psia 
to 
686.3 psia 
up to 540 
psia 
-34-
Va pit Dens y 
Comment or 
Method 
Heat capac-
ities and 
transport 
properties 
are re-
ported 
Enthalpy of 
liquid and 
vapor mix-
tures 
Saturation 
and super-
heat prop-
erties (Tab1es) 
Ref. 
-
91 
96 
97, 
110 
.. i 
t. 
i 
i .' 
· Mixture with other Components 
Component(s) Temperature Pressure 
R-12 -4.1°C to 
-17.10°C 
-6.l°C to 
11.10°c 
2059 mm 
of Hg 
2059 mm 
of Hg 
-17.10°C to 2059 mm 
Air 
Water 
21.0°C of Hg 
-40°F to 
75°F 
-60°C to 
10°c 
283.4°K to 
352. 30°· K 
Tetraethylene 28.2°C to 
Glycodimethyl ether 176.7°C 
Organic solvents Various 
J-, 
R-12 -20°C to 
10°c 
R-12 222° K 
.• 35 • 
Comment or 
Method 
Ref. 
-
Vapor-liquid 31 
equilibria 
Vapor-liquid 31 
equilibria 
Vapor-liquid 31 
equilibria 
Solubility 
data 
33 
Vapor-liquid 60 
phase equi-
libria 
Solubility 75 
data and 
thermody-
namic quan-
tities 
Solubility 77 
data 
Sol~bility 78, 
data 82 
Vapor pres- 79 
sures 
Heat of va- 84 
porization 
and solution 
of various 
composi-
tions 
,. 
'{-' 
Pure Component R-12 (CC& 2F2 or Dichlorodifluoromethane) 
Temperature Pressure Vapor Comment or Density Method 
Ref. 
-
-70°C to lll.5°C 
0°C to 49.9°C l atm 
255°K to 477°K 
0°c to 150°C up to 400 atm 
86°F to 194°F (vapor) 
32°F to 167°F {liquid) 
-40°F to 240°F 
-150°F to 410°F 
-30°C to 90°C 
100°K to 1500°K 
l atm 
0.16 psia 
to 1980 
psia 
-36-
1.4 to PVT data 4 
4.2 
l i te r / 
mole 
Vapor pres- 5 
sure by 
static 
method 
Specific 
heat 
6 
Calculated 8 
second virial 
coefficients 
PVT data 24 
Thermal con- 35 
ductances 
and heat 
transmission 
coefficients 
Vapor and 36 
liquid vis-
cosities 
PVT data 37 
Heat capaci- 44 
ties and 
thermody-
namic func-
tions 
Thermody- 48 
namic func-
tions 
Pure Component R-12 (CC.e.2F2 or Dichlorodifluoromethane) 
(continued) 
Temperature Pressure Vapor Comment or Ref. 
-Density Method 
.·, 40°c to 130°C Second virial 54 
coefficients 
by gas balance 
method 
100°K to 1000°K Thermody- 74 
namic func-
tions 
238.71°K to 423.16°K Second virial 87 
coefficients 
323. 16°K to 423.16°K Third virial 87 
coefficients 
100°K to 5000°K Heat capaci- 91 ties and 
transport 
properties 
~ 
-152°F to s10°F up to Saturation 98, 600 psia and super- 111 
heat prop-
erties 
' 
(Tables) 
-37"' 
,,r-,...,,.._,,_ 
Mixture with other Components 
Component(s) Temperature Pressure Comment or Ref-, Method -
R-152a 580° R to 86_0° R 200 to PVT data 11 
850 psia 
G-100 -30.5°C to 40.08°C Effect of 30 temperature 
on Azeotropy 
R-22 -4 •. 1°C to -17.l0°C 2059 mm Vapor-liquid_ 31 Hg equilibria 
CF 2 = CFCF 3 -4.l°C to -7. 1°c 2059 
mm Vapor-liquid 31 
Hg equilibria 
C4F8 -4. 1 °C to 21.0°c 2059 mm Vapor-liquid 
31 
Hg equilibria 
Water -40°F to 100°F Moisture 32 distribution 
Air -40°F to 75°F Solubility 33 data 
j 
R-22 -60°C to 10°c Vapor-liquid 60 equilibria 
. ~ 
R-22 I • 20°C to 10°c Vapor pres- 79 sures 
Oils -30°C to 100°c Excess thermo-80 dynamic prop-
erties 
R-22 222°K Heat of va- 84 porization 
and solution 
of various 
compositions 
-38· 
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Pure Component R-11 (Ctt3F or Trichlorofluoromethan~) 
Temperature Pressure Vapor Comment or Density Method 
Ref. 
-
-29.65°C to l95.65°C 0.093 atm Vapor pres- 1 
to sure by 
42. 18 atm static 
method 
0.03777 PVT data 2 
·to for dif-
0.7946 ferent 
moles/ vapor 
liter densi-
ties 
-29.2°C to 190.9°C Liquid den- 3 sities and 
critical 
constants 
405°K to 477°K Calculated 
8 
second 
vi rial co-
efficients 
86°F to l94°F (vapor} l atm Thermal con-ductances 
and heat 35 
transmission 
32°F to 167°F (liquid) coefficients 
-40°F to 240°F 
Vapor and 36 
liquid vis-
cosities re-
ported 
100°K to 1500°K Thermody-
48 
namic func-
tions 
40°C to 130°c Second v i. r i a l 
54 
coefficients 
by gas 
balance 
method 
-39· 
I 
Pure Component R·ll (CC! 3F or Trichlorofluoromethane) 
(continued) 
Temperature Pressure Vapor Comment or Ref. 
-Density Method 
100°K to 1500°K Thermody- 67 namic prop-
erties are 
reported 
100°K to 1000°K Thermody- 74 
1 
namic func-
tions a re 
: j reported 
I 238.71°K to 449.82°K Calculated 87 
I second vi r
ial 
coefficients 
I 100°K to 5000°K Heat capaci- 91 'i ties and transport 
properties 
\. are 
reported 
l 5 ° K to 287°K Molal 
heat 46 
capacity, 
heat of 
fusion and 
vaporization 
,,., 
}: 
·,: 
' ,' 
-l68°F to 570°F up to 640 Satura
tion 99, 
',j psia 
and super- 112 
heat prop-
erties {Tables) 
-40• 
Mixture with other Components 
Component(s) Temperature 
'organic solvents Various tem-
peratures 
,. 
-41- · 
Pressure Comment or Ref. 
Method 
Sol u b·il i ty 82 
Pure Component R-13 (CC1F 3 or Trifluorochloromethane) 
Temperature Pressure Comment or Ref. -Method 
533°K to 233°K Calculated 
8 
second vi rial 
~J< 
coefficients 
·, 
0°C to 1 so 0 c up to 400 atm PVT data 
24 
. -~ 
PVT data 29 
J 
and thermo-
,, 
j dynamic prop- -
l 
l 
erties 
~ 100°K to 1500°K Thermody-
48 
., 
J. 
namic func-
tions 
.·, 
~ .. 
40°c to 130°c Second 
virial 54 
t,~' 
coefficients 
:1 by gas balance 
:':.: method 
.~ 
., 
/J, 100°K to 1000°K Thermody
- 74 
,:;:: namic func-
}· tions 
298.16°K to 423.16°K. Calcu
lated 87 
second vi rial 
coefficients 
:, 
100°K to 5000°K H
eat capaci- 91 
ties and trans-
port properties 
Critical region 
Phase Equilibria 17 
·~ 
J to 926 psia Saturation and 100 
-200°F to 430°F up superheat prop-
erties (Tables) 
-42· 
1 I J 
Mixture with other Components 
Component(s} Temperature Pressure Comment or Ref. Metnod -
,, R-23 298°K to 14.7 to PVT prop- 57 
~-: 
' 
492°K 74.8 atm erties of 
•\ 
._ .. mole 
,·, 
50-50 
.1 
·{;1 % mixture j 
?! 
; Methane 105.1°K Total vapor 73 j 
,, 
pressure and 
.. , 
:!, excess free 
I 
. ' ,,,: energ i.es 
1 
CH 2F2 178.7°K 
73 
R-23 178.2°K 
73 
R-14 145.2°K 
73 
·' Ethane 178.7°K 
73 
Water 283.4°K to Solubility 
75 
352.3°K data and thermody-
namic 
quantities 
.43. 
~,~-----------
Pure Component R-113 
(CCi2F - CC1F2 or Trifluorotrichloroethane) 
Temperature 
-25.48°C to 210.62°C 
-30°C to 209.3°C 
Pressure 
0.0361 atm 
to 
30. 12 atm 
298°K to 1000°K 1 atm 
86°F to 194°F (vapor) 7.2 psia 
32°F to 167°F (liquid) 
-40°F to 240°F 
-22°F to 140°F (liquid) 
~2°F to 230°F (vapor) 
· 0°C to 46°C 
283.16°K to 449.82°K 
-44--
Vapor 
Density 
0.01421 
to 
0.8031 
moles/ 
1 i ter 
Comment or 
Method 
Ref. 
-
Vapor pres- .1 
sure by 
static 
method 
PVT data 2 
Liquid den- 3 
sities and 
critical 
constants 
Thermody- 14 
namic 
functions 
Thermal 35 
conductances 
and heat 
transmis-
sion coef-
ficients 
Va'por and 36 
liquid vis-
cosities 
Heat con-
ductivity 
38 
Vapor pres- 39 
sure, vis-
cosity, 
etc. 
Calculated 87 
second virial 
coefficients 
. I 
I 
' 1 
:q 
f 
I 
i 
,) 
·:;; 
'.,'j 
-30°F 
' ' 
250°F 
-. 
Pure Component R-113 
(CCt 2f - CCtF 2 or Triflu9rotrichloroethane) 
(continued) 
Temperature Pressure Vapor Comment or Density Method 
to 510°F up to 71 Saturation psia and super-heat prop-
erties (Tables) 
to 417.4°F up to 498 Thermody-psia namic properties 
.45. 
Ref. 
-
103 
104 
' l 
'l 
i 
i 
i 
Pure Component R-114 
{CC1F 2 - CC1F 2 or Dichlorotetrafluoroethane) 
Temperature Pressure 
536°R to 864°R 
86°F to 194°F {vapor) l atm 
32°F to 167°F (liquid) 
363.16°K to 443.16°K 
-135°F to 600°F up to 800 psi a 
-46-
Comment or 
Method 
PVT data 
Thermal con-
ductances and 
heat trans-
mission coef-
ficients 
Second virial 
coefficients 
Saturation and 
superheat 
properties 
(Tables) 
Ref. 
-
18 
35 
87 
105 
Component(s) 
R-31 
Mixture with other components 
Temperature 
68°F, 104°F, 
140°F 
260° K to 413° K 
-47-· 
Pressure Comment or Method 
Ref. 
-
So 1 u b il i ty 19 
and graph 
for computing 
k 
PVT data 56 
Component(s.) 
l , l - Di fl u o ro 
2,2 - Dichloroethane 
l , 2 - Di ch lo ro 
l ,l - Difluoroethane 
R-245 
l ,3 dichloro hexa-
fl uoro propane 
R-115 ,. i 
,, 
.\ .. ·, 
Pure Components 
Temperature 
273°K to 
1000°K 
250° K to 
750° K 
-40°F to 
224.52°F 
200°K to 
500°K 
200° K to 
500° K 
-60°C to 
71 . 9° C 
177°K to 
345°K 
-35°C to 
300°c 
-40°-C to 
114°c 
-40°C to 
120 ° C 
-40°C to 
60°C 
-40°C to 
145°C 
-40°C to 
25°C 
-48-
Pressure 
l atm 
l atm 
Comment or 
Method 
Ref. 
-
Thermody-
namic func-
tions 
Thermody-
namic func-
tions 
9 
10 
Thermody- 12 
namic 
properties, 
PVT data 
Thermody- 15 
namic quan-
tities by 
statistical 
methods 
PVT data 16 
and vapor 
pressure 
PVT be-
havior 
21 
Derived 22 
thermody~ 
namic prop-
erties 
Vapor pres- 27 
sure, equa-
tion of 
state, heat 
of vaporiza-
tion, criti-
cal con-
stants and 
ethalpies 
is listed for 
each of the 
compound 
, 
i 
·I 
Component(s) 
Carrene 7 
Fluorobenzene 
Fl uorobenzen·e 
Pure Components 
(continued) 
Temperature 
-40°C to 
120° C 
-20°F to 
140°F 
28.l°C to 
90°C 
13° K to 
226° K 
548°K to 
623°K 
10. 9° K to 
Normal 
Boiling 
Point 
0 to 1500°K 
R-13Bl; R-11Bl; R-21Bl; 
R-1183; R-22Bl; R-2182; 
R-12B2; R-31; R-31Bl; 100 to 1500°K 
R-12Bl; R-11B2; CF 3I 
-49-
Pressure Comment or 
Method 
P-T rela-
tion 
Vapor pres-
sure, vis -
cosity 
Heat capac-
ity, heat 
of transi -
tion, 
fusion and 
vaporiza-
tion 
Second and 
Ref. 
-
27 
34 
J9 
40 
41 
third virial 
coefficients 
Heat capac- 42 
it i es 
Heat capaci- 47 
ties and 
thermody-
namic func-
tions 
Heat capac- 48 
ity, heat 
content, free 
energy fu nc-
t ions and 
entropy are 
reported for 
each of these 
compounds 
,i 
Pure Components 
(continued) 
Component(s) Temperature Pressure Comment or Ref. Method -
RC-318 30°C to 3-394 atm PVT data and 
70 
350°c compressi-bilities 
419°R to PVT behavior 51 
699°R 
11 5 ° C to Thermodynam- 63 
350°c ic functions 
R-32 25°C to 8 to 200 PVT 
behavior 52 
200°c atm 
R-504 -l5°C to 60°C 
PVT data 53 
R-31 -80.95°C to 
Liquid vis- 58 
4l .4°C cosities by capil-
la ry type 
viscometer 
for each of 
R-32 -72.87°C to 
these com-
14.16°C pounds 
R-115 
Thermodynam- 61 
ic proper-
ties (in 
Ge rma.n) 
C4Fa 
Thermodynam- 64 
ic properties 
and Mollier 
-
diagram (in 
German) 
R-12B2 100-1000° K 
Calculated 68 
thermody-
namic func-
tions 
n-Perfluorobutane -40°C to 
Vapor, pres- 71 
11J.2°c -sure , 1 i qui d 
and vapor 
densities 
-50-
Pure Components 
(continued) 
Component(s) Temperature Pressure Comment or Ref. Method -
Perfluoropropane -30°C to up to 1 • 5 Heat capac-
76 
90°C atm it i es 
R-216 PVT dat'a, 
81 
enthalpy 
and entropy 
values 
listed 
R-13Bl; R-31; l 00° K to He
at capac- 91 
R-32; 5000°K ities 
and 
transport 
properties 
are listed 
for each of 
the com-
pounds 
R-l3Bl -160°F to up to 600 
Saturation 101 
460°F psia and super-heat prop-
erties 
(Tables) 
R-FE 1301 -160°F to up to 
600 Saturation 102 
460°F psia and super-heat prop-
erties (Tables) 
R-114B2 -100° F to up to
 506 Saturation 106 
690°F psi a and super-heat prop-
ert i es 
(Tables) 
R-115 -140°F to 
up to 400 Saturation 107 
300°F p~ia and supe.r-heat p_rop-
ert.i es 
(Tables) 
-51-
Pure Components 
(continued) 
Component(s) Temperature Pressure Comment or Ref. 
~etnoa -
R-502 -1 00° F to up to 467 Saturation 108 300°F psi a and super-heat prop-
erties (Tables) 
R-503 -200°F to u_p to 627 Saturation l 09 350°F psi a and super-heat prop-
erties 
(Tables) 
-52-
r, 
Pure Component R-41 (CH 3F or.Methyl Fluoride) 
Temperature 
100° K to 1500° K 
273.16°K to 423.16°K 
0°C to 149.55°C 
0° C to 150° C 
100° K to 5000° K 
Pressure 
up to 1 50 
atm 
-53.-
Comment or 
Method 
Thermodynamic 
functions 
Re.f. 
-
48 
Second and third 87 
virial coefficients 
Second and third 89 
virial coefficients 
Thermodynamic 
functions 
90 
Heat capacity and 91 
transport prop-
erties 
,. . 
Second V1r1al Coefficients of Some Pure Compounds 
Temperature 
CF 3CHC a.·Br 
298.16°K to 323.16°K 
R-32 273.2°K to 348.8°K 
CH 3CF 2Ca. 
353.16°K to 413.16°K 
CH 3CF 3 
323.16°K to 363.16°K 
CH 3CHF 2 
343.16°K to 403.16°K 
CF 3CF 2CHF 2 
283 .. 26 ° K to 323.16°K 
CF 2CF 2CF 2CF 2 
373.16°K to 623.16°K 
c6H5F 
318.4°K to 382.37°K 
-54-
Ref. 
----:-
87 
87 
87 
87 
87 
87 
87 
· 87 
Mixtures 
Component(s) Temperature 
R-12 and R-l52a 
R-12 and CF = 2 
R-22 and CF 2 = 
R-12 and C4Fa 
R-22 and C4Fa 
R-31 and water 
R-32 and R-13 
R-31 and R-114 
Mixture of 
Tetraethylene 
Glyco dimethyl 
ether with: 
a) R-3 l 
500°R to 
860°R 
-30.5°C to 
40.08°C 
CFCF 3-4. l°C to 7. 1°c 
CFCF3-6. l°C to 
11.1°c 
-4.1°C to 
21.0°c 
-17.l0°C 
21.0°c 
283.4°K 
352.3°K 
178.7°K 
260°K to 
413°K 
35°C to 
l76.7°C 
to 
to 
28.2°C to 
86.4°C 
-55-
Pressure 
200 to 
850 psia 
l atm 
2059 mm 
Hg 
Comment or 
Method 
Ref. 
-
PVT behav.ior 11 
Vapor liquid 20 
equilibrium 
Effect of 30 
temperature 
on 
Azeotropy 
Vapor liquid 
equilibrium 
for each of 
these mix-
tures 
31 
Solubility 75 
data and 
thermodynam-
ic quantities 
Total vapor 73 
pressure and 
excess free 
energies 
PVT data 56 
Solubility 77 
data for ea.ch 
of these mix-
tures 
Mixtures 
(continued} 
Component(s} Temperature . Pressure Comment or Ref. Method -
c) R- l 24a 35°C to 
176.7°C 
C2F6 and C2H6 176°K Vapor Pres-
86 
sure for 
C2F6 and R-23 176°K different compositions 
R-32 and R-23 176°K and excess free energies 
of mixing for 
each of these 
systems 
-56· 
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